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Fig. S1 (a) XRD pattern of the Fe,O@FGCS precursor.
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Fig. S2 (a) FESEM micrographs and (b-d) TEM micrographs of the FeO@FGCS precursor.
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Fig. S3 TGA curve of the pure FeP NPs measured in air atmosphere.
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Fig. S4 (a) Low magnification and (b) High magnification FESEM images of the exterior surface of

the FeP@FGCS scaffold with uniformly incorporated FeP NPs.
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Fig. S5 (a) AFM image of multiple randomly selected nanosheets of the FeP@FGCS with (b)

Corresponding height distribution profiles.
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Fig. S6 (a) XPS full survey profile of the FeP@FGCS, (b) calculated atomic ratios of three species of

doped N atoms in the FeP@FGCS composite from fitted result in high-resolutional N 1s spectrum.
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Fig. S7 XRD patterns of (a) the pure Fe;04 NPs precursor synthesized via solvothermal method and

(b) the obtained pure FeP NPs after the phosphorization treatment.
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Fig. S8 (a-c) FESEM micrographs of the obtained pure FeP NPs. (d-e) TEM micrographs and (f)

corresponding elemental mappings of the obtained pure FeP NPs.
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Fig. S9 (a) XRD, (b) Low magnification and high magnification TEM (inset) images of the v-FGCS.
(c) FESEM and (d) AFM images with corresponding height distribution profile (inset) of the v-

FGCS nanosheet.
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Fig. S10 Cyclic voltammetry curves of the FeP@FGCS electrodes respectively prepared using (a)

PVDF and (b) CMCNa as the binder at a sweep rate of 0.1 mV s,
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Fig. S11 (a) Cyclic voltammetry curves of the pure FeP NPs measured at a sweep rate of 0.1 mV sl
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Fig. S12 (a) Cycling performance and (b) the corresponding potential versus specific capacity curves

of pure FeP NPs at 100 mA g! over 60 cycles. (c) Cycling performance and (d) the corresponding
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potential versus specific capacity curves of pure FeP NPs at 2 A g-! over 800 cycles.
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Fig. S13 Potential versus specific capacity curves of the FeP@FGCS at various current densities

from 0.05to 5 A g'.
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Fig. S14 Nyquist profiles of the FeP@FGCS and pure FeP NPs electrodes (a) before and (b) after

rate tests. (c) Equivalent model used for fitting the experimental data.
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Fig. S15 Cycling performance of the v-FGCS electrode measured at 2 A g! for 800 cycles.
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Fig. S16 (a) Charge-discharge profiles and (b) the corresponding potential versus specific capacity
curves of the FeP@FGCS electrode using 0.8 M KPFy in EC:DEC (1:1 vol.) at 100 mA g'. (¢)
Charge-discharge profiles and (d) the corresponding potential versus specific capacity curves of the

FeP@FGCS electrode using 1.0 M KFSI in EC:DEC (1:1 vol.) at 100 mA g'.
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100 nm

Fig. S17 HAADF-STEM micrograph and the corresponding elemental mappings of the FeP@FGCS

electrode using 1.0 M KFSI in DME as electrolyte after 200 cycles at 2 A g!.
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Fig. S18 FESEM images of the FeP@FGCS electrodes (a-c) after 1, 10 and 50 cycles in 1.0 M KFSI
in DME electrolyte. (d-e) After 1, 10 and 50 cycles in 1.0 M KFSI in EC/DEC (1:1 vol.) electrolyte.

(f-g) After 1, 10 and 50 cycles in 0.8 M KPF4 in EC/DEC (1:1 vol.) electrolyte, respectively.
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Fig. S19 TEM images of the FeP@FGCS electrodes after 50 cycles in (a) 1.0 M KFSI in DME
electrolyte, (b) 1.0 M KFSI in EC/DEC (1:1 vol.) electrolyte and (c¢) 0.8 M KPF¢ in EC/DEC (1:1

vol.) electrolyte, respectively.
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Fig. S20 (a) CV curves of the FeP@FGCS recorded at different sweep rates (0.1-2.0 mV s'!) within
0.01-3.0 V (versus K*/ K). (b) Determination of a-values using relationship between peak current to
sweep rate. (¢) Contribution ratio of pseudocapacitive and diffusion-limited effect versus sweep rates.

(d) Blue curve shows CV curve of the FeP@FGCS and the shaded area indicates capacitive

0.1

0.2 04 08

L L0
Scan rate (mV s ')

2.0

contribution at a sweep rate of 1.0 mV s,

21/25

b -0.64

Z-08
=
< -1.04
4
5 -1.24
]
-
S -1.4
]
20-1.6-
-
-1.8

— Cathodic (a=0.700)
— Anodic (a=0.793)

06 -03 0.0 03

Log (scan rate, mV s

0.9

0.14

< 0.0-

E 0.0

=-0.1+
U 1
Sweep rate: .0 mV s

-0.2-

00 05 1.0 15 20 25 3.0
Potential (V)




EC +2e + 2K" — K,CO; + CH,=CH, (1)

2EC +2¢ + 2K* — 2ROCOOK + CH,=CH, )
DEC + e + K* — C,HsK+ OC(O-), 3)
2ROCOOK + H,0 — 2KHCO; + 2ROH + CO, (4)
KPFs — KF + PF; (5)
PFs + H,0 — POF; + 2HF (6)
ROCOOK or KHCO; + HF — KF + ROCOOH or H,CO; (7)
ROK + HF — KF + ROH (8)

Note S1 !-2 List of possible reduction and hydrolysis reactions of KPF salts, ester solvents (EC and

DEC) and derived components in SEI layer.

22/25



Table S1 Fitted electrochemical impedance parameters

electrodes before and after rate tests.

of the FeP@FGCS

and pure FeP NPs

Electrodes States R (Ohm) R¢ (Ohm) R (Ohm)
Before cycles 6.8 - 632.6
FeP@FGCS
After rate tests 6.1 118.7 509.3
Before cycles 7.6 - 1426
Pure FeP NPs
After rate tests 8.2 583.5 2316

23/25



Table S2 A comparison of electrochemical potassium-ion storage properties of recently published

phosphorus-based anode materials.

Anode Materials Rate Capability Cycling Performance Ref.
382 mAh g after 100 cycles
221 mAhglat2 A g,
FeP@FGCS at 0.1 A g',213 mAh g This work
164 mAhg'lat5Ag!
after 800 cycles at 2 A g'!
343.9 mAh g! at 500 mA g, 213.7 mAh g! after 2000
GePs Ref. [3]
2842 mAhglatl A g! cyclesat 0.5 A g’!
307.2 mAh g'! after 50 cycles
Sn,P;/C 2219 mAhglatl Ag! Ref. [4]
at 0.05 A g
74mAhg'latl A gl, 114 mAh g! after 1000
CoP CNPPCS Ref. [5]
54 mAhg'at2 A g! cycles at 0.5A g'!
227mAh glatl A gl, 244 mAh g after 200 cycles
P@TBMC Ref. [6]
136 mAhg'at2 A g'! at 0.5 A g’!
65mAhg'atl Ag!,37mAh 205 mAh g after 300 cycles
Yolk-shell FeP@CNBs Ref. [7]
glat2 A g'! at 0.1 A g!
208.5mAhgtatl A gl, 253 mAh g! after 500 cycles
P@RGO Ref. [8]
1344 mAh glat2 A g! at0.5 A g!
210 mAh g'at 0.2 A g, 120 270 mAh g after 50 cycles at
Black Phosphorus-C Ref. [9]
mAhg'at0.5Ag!

0.05A g
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